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HEAT TRANSFER PAPER WITH PEELABLE
FILM AND DISCONTINUOUS COATINGS

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation application of

U.S. patent application Ser. No. 10/003,698, filed on Oct. 31,
2001 now U.S. Pat. No. 7,238,410, which claims priority to
U.S. Provisional Patent Application Ser. No. 60/244,647,
filedonOct. 31,2000 and U.S. Provisional Patent Application
Ser. No. 60/244,852, filed on Nov. 1, 2000.

TECHNICAL FIELD

The present invention 1s directed to heat transfer materials,
methods of making heat transfer materials, and methods of
transier coating using heat transfer maternials.

BACKGROUND OF THE INVENTION

In recent years, a significant industry has developed which
involves the application of customer-selected designs, mes-
sages, 1llustrations, and the like (referred to collectively here-
iafter as “customer-selected graphics™) on articles of cloth-
ing, such as T-shirts, sweat shirts, and the like. These
customer-selected graphics typically are commercially avail-
able products tailored for a specific end-use and are printed on
a release or transter paper. The graphics are transferred to the
article of clothing by means of heat and pressure, atter which
the release or transier paper 1s removed.

Heat transier papers having an enhanced receptivity for
images made by wax-based crayons, thermal printer ribbons,
ink-jet printers, impact ribbon or dot-matrix printers, are well
known 1n the art. Typically, a heat transtfer material comprises
a cellulosic base sheet and an 1mage-receptive coating on a
surface ol the base sheet. The image-receptive coating usually
contains one or more film-forming polymeric binders, as well
as, other additives to improve the transierability and print-
ability of the coating. Other heat transfer materials comprise
a cellulosic base sheet and an 1mage-receptive coating,
wherein the image-receptive coating 1s formed by melt extru-
s1on or by laminating a film to the base sheet. The surface of
the coating or film may then be roughened by, for example,
passing the coated base sheet through an embossing roll.

Much eflfort has been directed at generally improving the
transierability of an 1mage-bearing laminate (coating) to a
substrate. For example, an improved cold-peelable heat trans-
fer material has been described 1n U.S. Pat. No. 5,798,179,
which allows removal of the base sheet immediately after
transfer of the image-bearing laminate (“hot peelable heat
transier material”) or some time thereaiter when the laminate
has cooled (“cold peelable heat transier material”). More-
over, additional effort has been directed to improving the
crack resistance and washability of the transferred laminate.
The transierred laminate must be able to withstand multiple
wash cycles and normal “wear and tear” without cracking or
fading.

Various techniques have been used in an attempt to
improve the overall quality of the transferred laminate and the
article of clothing containing the same. For example, plasti-
cizers and coating additives have been added to coatings of
heat transier materials to improve the crack resistance and
washability of image-bearing laminates on articles of cloth-
ing. However, cracking and fading of the transierred image-
bearing coating continues to be a problem in the art of heat
transier coatings.
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One of the problems with conventional heat transier mate-
rials occurs when attempting to transier materials to a dark
substrate. When transferring material to a dark substrate, an
opaque light colored or white background 1s often required.
When conventional heat transfer materials and processes are
used, opacity and whiteness are lost. The 1images have a
washed out appearance of the layer they are printed on, since
the image penetrates into either the opaque layer or the fabric.
Another problem with conventional heat transfer materials
occurs with cracking of the image aiter transier of the image.
This cracking results after normal washing of the substrate
and printed image due to normal stretching of the fabric as the
image layer 1s a continuous film on the surface of a bendable,
stretchable fabric.

What 1s needed 1n the art 1s a heat transfer material, which
can be transferred to dark material while maintaining bright-
ness and minimal fading even after extensive washing. If a
white or light colored opaque coating 1s used 1n the heat
transier material, the opaque coating should be maintained
alter extensive washing. Also, whati1s needed is a heat transfer
material that can be transferred to a material while not crack-
ing and breaking apart even after extensive washing. Finally,
what 1s needed 1s a heat transfer material that has increased
breathability and drapability such that the material 1s more
comiortable and softer to wear.

SUMMARY OF THE INVENTION

The present invention 1s a heat transfer material and pro-
cess having a peelable film layer designed to melt and pen-
ctrate. Under this 1s a release coated substrate. This release
coated substrate 1s desirably paper. The peelable film 1s
coated with one or more discontinuous layers, the composi-
tions of which can be tailored to fit multiple uses. In one
embodiment of the present invention, the discontinuous coat-
ing 1s an opaque discontinuous coating that includes a white
pigment to provide opacity and whiteness. Designs can be
created with this by cutting shapes or letters out of the heat
transier material, removing the cut out shapes or letters, peel-
ing away the release coated substrate from the peelable film
layer, applying the shapes or letters face up onto a fabric such
that the peelable film 1s contacting the fabric and the opaque
layer 1s exposed, then applying heat to them. A release paper
1s used between the opaque discontinuous layer and the
source of heat. The heat source may be selected from different
means such as an 1ron or a heat press. The discontinuous
coating provides a means of preserving the fabrics porosity
and stretchability without introducing unattractive, random
cracks 1n the film. The peelable film melts and penetrates into
the fabric and bonds the image permanently.

The present invention may also include a discontinuous,
printable layer that 1s placed on top of the discontinuous,
opaque layer. The discontinuous, printable layer permits
words or images to be printed on the transfer material, such as
with an 1nk jet printer. Then, 1n the same manner as described,
the shapes or letters may be cut from the heat transfer mate-
rial, peeled from the release coated substrate, placed on a
tabric and subjected to a heat source to transier the discon-
tinuous, printable layer and the discontinuous, opaque layer
onto the surface of the fabric while the peelable film layer
melts and penetrates into the fabric to form a permanent bond.

Additionally, the present invention may include a heat
transier material that includes a peelable film transfer layer as
the top surface. Under this 1s a release coated substrate. Then,
instead of using a discontinuous, opaque layer, a discontinu-
ous, printable layer 1s placed on the peelable film transfer
layer. Stmilar to the previous embodiment, an 1mage may be
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printed on the discontinuous, printable layer. Then, as previ-
ously described, designs can be created with this material by
printing an image on the printable layer, cutting out the image
from the heat transfer material, removing the release coated
substrate, applying the cut-out image face up onto a fabric
such that the peelable film 1s contacting the fabric and the
printable layer 1s exposed, then applying heat to them. A
release paper 1s used between the discontinuous, printable
layer and the source of heat. However, since this type of
material does not include the discontinuous, opaque layer,
this material 1s best used with white or light colored fabrics.

Finally, the discontinuous coatings of the present invention
may 1include crosslinking agents. The crosslinking agents
hold the coating or coatings on the surface of the fabric while
the peelable film melts and penetrates into the fabric and
bonds the image permanently. Crosslinking agents may be
included 1n either the printable coatings, the opaque coatings,
or both.

The present invention is also directed to a method of mak-
ing a printable heat transfer material having the above
described structures.

The present invention 1s further directed to a method of
transier coating using the above described printable heat
transier materials. The method includes the steps of applying
heat and pressure to the heat transfer materal.

These and other features and advantages of the present
invention will become apparent after a review of the follow-
ing detailed description of the disclosed embodiments and the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a heat transfer material
according to one embodiment of the present invention.

FIG. 2 15 a cross-sectional view of a heat transfer material
according to a second embodiment of the present invention.

FIG. 3 1s a cross-sectional view of a heat transfer material
according to a third embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s directed to a unique heat transier
material for use 1n transierring an 1mage-bearing coating onto
a substrate, such as an article of clothing. The heat transfer
material of the present mvention may be used 1n a cold peel
transier process, resulting in an 1mage-bearing coating having,
superior crack resistance, washability, drapability and
breathability compared to conventional image-bearing coat-
ings. Additionally, the materials may be used on dark colored
tabrics without washed-out appearance typically associated
with printing on darker fabrics. The heat transfer material of
the present invention produces superior results due to the use
ol discontinuous coatings.

As shown 1n FIG. 1, the present invention includes a heat
transfer material 10 and process wherein a peelable film
transter layer 16 1s used to melt and penetrate into a fabric or
other bendable material. Under this 1s a release coating 14 and
substrate 12. This substrate 12 1s desirably paper. The peel-
able film 16 1s coated with one or more discontinuous layers
18, the compositions of which can be tailored to fit multiple
uses. In one embodiment of the present invention, the discon-
tinuous coating mcludes a white pigment to provide opacity
and whiteness. Designs can be created with this by cutting
shapes or letters out of the heat transfer material 10, removing
the cut out shapes or letters, peeling away the release coating,
14 and substrate 12 from the peelable film layer 16, applying
the shapes or letters face up onto a fabric such that the peel-
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able film 16 1s contacting the fabric and the opaque layer 1s
exposed, then applying heat to them. A release paper (not
shown) 1s used between the film 16 and the source of heat. The
heat source may be selected from different means such as an
iron or a heat press. The discontinuous coating provides a
means of preserving the fabric’s porosity and stretchability
without introducing unattractive, random cracks 1n the film.
Additionally, the fabric 1s more breathable as a result of the
discontinuities in the heat transtfer material 10.

In a second embodiment, as shown 1n FIG. 2, the heat
transier material 20 of present mvention employs the same
type of paper 22, release coat 24, film 26 and the discontinu-
ous, opaque layer 28. It has an additional, discontinuous,
printable layer 29 on top of the discontinuous, opaque layer
28. This layer 29 may be tailored to use with various printers,
especially ink jet printers. It 1s used 1n the same manner as the
first, except that images can first be printed on 1t. The discon-
tinuous, opaque layer 28 and discontinuous printable layer 29
remain exposed and opposite the surface of the fabric when
the peelable film 26 bearing the 1image 1s contacted with the
tabric. Then, with heat and pressure, the peelable film 26
melts and penetrates into the fabric. Desirably, a release paper
(not shown) 1s used to avoid sticking to the printable layer to
the heat source. The peelable film layer 26 melts and pen-
etrates into the fabric-forming a permanent bond. The release
paper may be any release paper, such as a silicone-coated
paper available from Brownbridge.

A third embodiment, as shown 1n FIG. 3, of a heat transier
material 30 of the present invention, desirably for use with
white or light colored fabrics, employs the same paper 32,
release coating 34 and peelable film 36. It has no discontinu-
ous opaque layer. Instead, the discontinuous, printable layer
39 is on top of the peelable film 36. An 1mage may be printed
onto the discontinuous, printable layer 39. The image and the
discontinuous, printable layer 39 remain on the surface when
the peelable film 36 bearing the image 1s peeled from the
release coating 34 and paper 32 and heated image side up onto
a fabric using release paper between the discontinuous, print-
able layer 39 and the heat source.

A fourth embodiment employs crosslinking agents 1n the
discontinuous, opaque layer and/or the discontinuous, print-
able layers. The crosslinking agents hold the coating or coat-
ings on the surface of the fabric while the peelable film
penetrates mto the fabric and bonds the image permanently.

The present invention, therefore, provides a heat transfer
material having a substrate, a release coating, a peelable film,
and one or more discontinuous layers. The discontinuous
layers are selected from a discontinuous opaque layer, a dis-
continuous, printable layer, a discontinuous opaque layer
having crosslinking agents, a discontinuous, printable layer
having crosslinking agents or a combination of these layers.

The interior peelable layer of the heat transfer material of
the present invention may comprise any material capable of
melting and conforming to the surface of a substrate to be
coated. In order to melt and bond sufficiently, the interior
peelable layer desirably has a melt flow index of less than
about 800 as determined using ASTM D1238-82. Desirably,
the peelable layer also has a melting temperature and/or a
softening temperature of less than about 400° F. As used
herein, “melting temperature” and “softening temperature”™
are used to refer to the temperature at which the peelable layer
melts and/or flows under conditions of shear. More desirably,
the peelable layer has a melt flow 1index of from about 0.5 to
about 800, and a softening temperature of from about 150° F.
to about 300° F. Even more desirably, the peelable layer has a
melt flow index of from about 2 to about 600, and a softening
temperature of from about 200° F. to about 250° F.
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The peelable layer may comprise one or more thermoplas-
tic polymers including, but not limited to, polyolefins; poly-
cthylene, ethylene-containing copolymers, or mixtures
thereof. In addition to the thermoplastic polymer(s), other
materials may be added to the peelable layer to provide
improved melt tlow properties, such as plasticizers 1n solid or
liquid form.

In a desirable embodiment of the present invention, the
peelable layer may be 1n the form of a melt-extruded film. The
extruded film may comprise one or more of the above-de-
scribed materials having the desired meltability and conform-
ability properties.

The peelable layer of the heat transfer material of the
present invention may have a layer thickness, which varies
considerably depending upon a number of factors including,
but not limited to, the substrate to be coated, the press tem-
perature, and the press time. Desirably, the peelable layer has
a thickness of less than about 5 mil. (0.13 mm). More desir-
ably, the peelable layer has a thickness of from about 0.5 mul.
to about 4.0 mil. Even more desirably, the peelable layer has
a thickness of from about 1.0 muil. to about 2.0 mul.

In addition to the peelable layer, the heat transtfer material
of the present invention comprises arelease coating layer. The
release coating layer separates the transferable material of the
heat transfer material from the non-transierable material of
the heat transfer material. The release coating layer does not
transier to a coated substrate. Consequently, the release coat-
ing layer may comprise any material having release charac-
teristics. The release coating layer 1s adjacent to a surface of
the peelable layer.

A number of release coating layers are known to those of
ordinary skill in the art, any of which may be used in the
present invention. Suitable polymers include, but are not lim-
ited to, silicone-containing polymers, acrylic polymers, poly
(vinyl acetate), or mixtures thereotf. Further, other materials
having a low surface energy, such as polysiloxanes and tluo-
rocarbon polymers, may be used 1n the release coating layer.
Desirably, the release coating layer comprises a cross-linked
s1licone-containing polymer or a cross-linked acrylic poly-
mer. Suitable silicone-containing polymers include, but are
not limited to, SYL-OFF® 7362, a silicone-containing poly-
mer available from Dow Corming Corporation (Midland,
Mich.). Suitable acrylic polymers include, but are not limited
to, HYCAR® 26672, an acrylic latex available from B.F.
Goodrich, Cleveland, Ohio; HYCAR® 26684, an acrylic
latex also available from B.F. Goodrich, Cleveland, Ohio; and

Rhoplex SP 100, an acrylic latex from Rohm and Haas, Wilm-
ington, Del.

The release coating layer may further contain additives
including, but not limited to, a cross-linking agent, a release-
moditying additive, a surfactant, a wviscosity-modifying
agent, or mixtures thereof. Sutable cross-linking agents
include, but are not limited to, XAMA7, an aziridine cross-
linker available from Sybron Chemical, Birmingham, N.J.
Suitable release-modifying additives include, but are not lim-
ited to, SYL-OFF® 7210, a release modifier available {from
Dow Corning Corporation. Suitable curing agents include,
but are not limited to, SYL-OFF® 7367, a curing agent avail-
able from Dow Corning Corporation. Suitable surfactants
include, but are not limited to, TERGITOL® 15-S40, avail-
able from Union Carbide; TRITON® X100, available from
Union Carbide; and Silicone Surfactant 190, available from
Dow Corning Corporation. In addition to acting as a surfac-
tant, Silicone Surfactant 190 also functions as a release modi-
fier, providing improved release characteristics, particularly
in cold peel applications.
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The release coating layer may have a layer thickness,
which varies considerably depending upon a number of fac-
tors including, but not limited to, the substrate to be coated,
and the film to be temporarily bonded to it. Typically, the
release coating layer has a thickness of less than about 2 mul.
(52 microns). More desirably, the release coating layer has a
thickness of from about 0.1 mil. to about 1.0 mil. Even more
desirably, the release coating layer has a thickness of from
about 0.2 mil. to about 0.8 muil.

The thickness of the release coating layer may also be
described 1n terms of a basis weight. Desirably, the release
coating layer has a basis weight of less than about 12 1b./144
yd” (45 gsm). More desirably, the release coating layer has a
basis weight of from about 6.01b./144 yd* (22.5 gsm) to about
0.6 1b./144 yd* (2.2 gsm). Even more desirably, the release
coating layer has a basis weight of from about 4.0 1b./144 yd>
(15 gsm) to about 1.0 1b./144 yd* (3.8 gsm).

In addition to the layers described above, the heat transfer
material comprises a base substrate. The exact composition,
thickness or weight of the base 1s not critical to the transier
process since the base substrate 1s removed before the image
1s applied to the fabric. Thus, 1t may be adapted for various
printing processes ncluded in the above discussion. Some
examples of possible base substrates include cellulosic non-
woven webs and polymeric films. Generally, a paper backing
ol about 4 mils thickness 1s suitable for most applications. For
example, the paper may be the type used in familiar office
printers or copiers, such as Kimberly Clark’s Neenah Paper’s
Avon White Classic Crest, 24 1b per 1300 sq {t. A number of
different types of paper are suitable for the present invention
including, but not limited to, common litho label paper, bond
paper, and latex saturated papers.

The present mvention also may include a discontinuous
opaque coating. This coating includes a polymeric binder and
an opacilying material. The opacifier 1s a particulate material
which scatters light at 1t”s interfaces so that the coating layer
therefore 1s relatively opaque. Preferably, the opacifier 1s
white and has a particle size and density well suited for light
scattering. Such opacifiers are well known to those skilled 1n
the graphic arts, and include particles of minerals such as
aluminum oxide and titanium dioxide or of polymers such as
polystyrene. The amount of opacifier needed 1n each case will
depend on the desired opacity, the efficiency of the opacifier,
and the thickness of the coating. For example, titanium diox-
ide at a level of approximately 20% 1n a film of one mil
thickness provides adequate opacity for decoration of black
tabric matenals. Titantum dioxide 1s a very efficient opacifier
and other types generally require a higher loading to achieve
the same results.

In order to provide the opacity needed for fabric decora-
tion, the coating must remain substantially on the surface of
the fabric. If, 1n the transier process, the heat and pressure
cause the coating to become substantially imbedded into the
tabric, the dark color of the fabric shows through, giving the
transferred art a gray or chalky appearance. The coating
should therefore resist softening to the point of becoming
fluid at the desired transier temperature. Recalling that the
peelable film which supports the opaque coating must melt
and tlow 1nto the fabric at the transier temperature, the rela-
tionship needed between the peelable film and the opaque
coating becomes clear. The opaque coating must not become
fluid at or below the softeming point of the peelable film. The
terms “tluid” and “softening point” are used here 1n a practical
sense. By tluid, 1t 1s meant that the coating would tlow 1nto the
tabric easily. The term ‘softening point’ can be defined 1n
several ways, such as a ring and ball softening point. The ring
and ball softening point determination 1s done according to
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ASTM E28. A melt flow index 1s usetul for describing the
flow characteristics of peelable polymers. For example, a
melt flow index of from 0.5 to about 800 under ASTM method
D 1238-82 1s specified for the peelable film layer of the
present invention. For the opaque layer, the melt flow index
should be less than that of the peelable film layer by a factor
ol at least ten, preferably by a factor of 100, and most pret-
erably by a factor of at least 1000. Many types of extrudable
polymers could be used 1n the opaque coating, the choice
depending primarily on other requirements one may have 1n
the decorated fabric. For example, polyurethanes can provide
excellent water resistance, durability and flexibility. Polyole-
fins such as polypropylene and polyethylene are more eco-
nomical but not as durable and do not recover as well when
stretched, but would serve for many purposes. Other useful
polymer types include polyesters, some of which have prop-
erties similar to polyurethanes and some of which are very
stiff. Still others include polyamides such as nylon 6 and
nylon 12. Still other useful polymers include copolymers
such as ethylenevinylacetate and ethylenemethacrylic acid
10N0Mmers.

The opaque coating 1s desirably applied as a dispersion or
solution of polymer in water or solvent, along with the dis-
persed opacifier. Many of the polymer types mentioned above
are available as solutions 1 a solvent or as dispersions 1n
water. For example, acrylic polymers and polyurethanes are
available 1n many varieties 1n solvents or 1n water based latex
torms. Other usetul water based types include ethyleneviny-
lacetate copolymer lattices, 1onomer dispersions of ethylen-
emethacrylic acid copolymers and ethyleneacrylic acid
copolymer dispersions. In many cases, washability and excel-
lent water resistance of the decorated fabrics will be required.
Polymer preparations which contain no surfactant, such as
polyurethanes 1n solvents or amine dispersed polymers in
water, such as polyurethanes and ethyleneacrylic acid disper-
sions can meet these requirements.

The heat transfer material may also include a discontinu-
ous printable layer that may be printed with an 1mage. As
previously discussed, prior art images had a tendency to crack
and become unsightly when stretched or washed. In addition,
the 1mage-bearing coatings were continuous films which gave
the fabric a rubbery feel, while also making the fabric uncom-
fortable due to lack of breathability. The present invention
provides a layer on the peelable film that contains the image,
but 1s not a continuous coating. As such, this discontinuous
layer will not split or crack when the fabric 1s stretched or
worn, thereby maintaining the integrity of the image and a
more cloth-like feel.

The discontinuous, printable layer may be adapted to suit
various printing methods, including ik jet printing. For ink
jet printing, the coating may be very similar to those
described 1n U.S. Pat. Nos. 5,798,179, 5,501,902 and 6,033,
739, which are hereby incorporated by reference. These coat-
ings contain thermoplastic particles, binders and cationic res-
ins as well as ik viscosity modifiers and are useful in
conventional 1nk jet printing applications for fabric transier.
In the present invention, a crosslinking agent 1s added to such
coatings so they will be held on the surface when a transfer 1s
conducted. However, since the crosslinking agents inhibit the
ability of the polymer to bond to the fabric under heat and
pressure, the addition of a non-crosslinked peelable film 1s
required. For use with other imaging methods, the require-
ments are slightly different. For electrostatic printing, an
acrylic or polyurethane binder and a crosslinking agent would
be suilicient since this printing method does not require pow-
dered polymers for ink absorbency, cationic polymers or ink
viscosity modifiers. Instead, slip agents and anti-static agents

5

10

15

20

25

30

35

40

45

50

55

60

65

8

can be added to the crosslinkable coating to provide reliable
sheet feeding into the printers. For thermal printings or
crayon marking coatings, such as those described in U.S. Pat.
No. 5,342,739, these coatings may be modified by addition of
a crosslinking agent. For this method, the coating should be
compatible with the thermal ribbon wax or resin based 1nks
and must be smooth and uniform for good ribbon contact and
uniform heat application.

As has been indicated, the discontinuous layer may be an
opaque layer or a printable layer. The discontinuous white
opaque layer 1s especially useful for dark fabrics as the dis-
continuous opaque coating provides contrast.

A printable layer allows an 1mage to be printed onto the
substrate, such as with an ink jet printer, and then transferred
to the substrate. Discontinuous printable layers can be used
with darker colored fabrics or on lighter colored fabrics.
However, when used on darker fabrics, the discontinuous
printable layer 1s applied over the discontinuous opaque layer.
The opaque layer provides a white surface background for the
colored graphics.

In another aspect of this mnvention, the opaque coating 1s
crosslinked. Crosslinking gives a three dimensional polymer
structure which does not flow under heat and pressure.
Crosslinking also provides superior durability and resistance
to water. Crosslinking 1s generally not possible 1 melt
extruded coatings. Water and solvent based coatings can
readily be crosslinked after drying the coating, usually by the
action of heat on a multifunctional crosslinking agent.
Crosslinking agents available for this purpose include multi-
functional 1socyanates, epoxy resins, aziridines, oxazolines,
melamine-formaldehyde resins, and others. Generally, the
amount of crosslinking agent needed 1s small relative to the
amount of polymer, for example, 10% or less. The amount of
heat needed to complete the crosslinking reaction varies with
the type of crosslinking agent and the amount, and 1s gener-
ally available from the suppliers of the crosslinking agents.
For example, polyfunctional aziridines require very little
heat. The crosslinking can be completed 1n about one minute
at 100 degrees C. or 1n one day at room temperature. Isocy-
anates also cure very rapidly but are usually not used 1n water
as they react with water. Epoxy resins can also be formulated
to react rapidly by a suitable choice of a catalytic amine
curing agent.

Additionally, the present invention may use a second dis-
continuous crosslinked polymer layer, either alone or in con-
junction with the discontinuous crosslinked opaque layer.
The second discontinuous crosslinked polymer layer 1s a
discontinuous crosslinked printable layer. The discontinuous
crosslinked printable layer permits images to be printed on
the polymer layer, such as with an 1nk jet printer. When the
printed film 1s peeled from the substrate and then applied to a
tabric, the crosslinkable polymer layer, which 1s a 3-dimen-
sional polymer network, does not melt or flow appreciably
into the fabric. The image thereby remains bright and sharp
and not faded or washed-out looking. When used alone, the
discontinuous crosslinked printable polymer layer works best
on white or light-colored fabrics. However, the discontinuous
crosslinked, printable layer may be used with a discontinuous
crosslinked opaque layer to provide the advantages of being
able to print the 1mage, such as with an ink jet printer, while
also providing the advantages of use on dark fabrics offered
with the discontinuous crosslinked opaque layer.

The discontinuous crosslinked, printable layer that can be
used 1n the present mvention uses crosslinking agents that
include, but are not limited to, polyfunctional aziridine
crosslinking agents sold under the trademark XAMA 7
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(Sybron Chemical Co., Birmingham, N.JI.), multifunctional
1socyanates, epoxy resins, oxazolines, and melamine-form-
aldehyde resins.

The 1image-bearing coating of the heat transfer material,
comprising one or more of the above-described coating lay-
ers, may be transiferred to an article of clothing, or other
flexible surface, by removing the film from the backing, plac-
ing 1t image side up on a fabric, applying a release paper and
applying heat and pressure.

In the present invention, the peelable layer because of the
discontinuous nature, also conforms to the surface of the
fabric, or other substrate, which may have an 1rregular (not
flat) surface. This allows the penetration of the discontinuous
opaque layer and/or the discontinuous printable layer into low
areas ol the material. The discontinuities provide breaks 1n the
bridges between adjacent yarns so the fabric feel and stretch
are much improved over conventional transier-coated fabrics.

The present invention is also directed to a method of mak-
ing a printable heat transier material. The method comprises
taking a substrate layer, applying a release coating layer onto
the substrate layer, applying a peelable film coating onto the
release coating layer, and then applying a discontinuous layer
of polymer. The discontinuous layer may be selected from an
opaque polymer layer, a printable layer, a crosslinkable
opaque layer, a crosslinkable printable layer, or a combina-
tion of these layers. In one embodiment of the present inven-
tion, one or more of the above-described coating composi-
tions are applied to the substrate layer by known coating
techniques, such as by solution, roll, blade, and air-knife
coating procedures. Each individual coating may be subse-
quently dried by any drying means known to those of ordinary
skill 1n the art. Suitable drying means include, but are not
limited to, steam-heated drums, air impingement, radiant
heating, or a combination thereof. In an alternative embodi-
ment, one or more ol the above-described layers may be
extrusion coated onto the surface of the substrate layer or a
coating thereon. Any extrusion coating techniques, well
known to those of ordinary skill 1n the art, may be used 1n the
present invention.

If desired, any of the foregoing coating layers may contain
other materials, such as processing aids, release agents, pig-
ments, deglossing agents, antifoam agents, and the like. The
use of these and similar materials 1s well known to those
having ordinary skill in the art.

In order to produce the discontinuous coatings of the
present invention, some special means of applying the coat-
ings may be employed. For example, water or solvent based
coatings can be printed onto the peelable film layer with
flexographic or rotogravure printing presses. Water and sol-
vent based printing with the types of coatings mentioned
above 1s well established.

If the opaque coating layer 1s to be melt extruded, a means
ol applving the patterned coatings such as extruding strips or
fibers could be applied, or the coating could be applied 1n
patterns using melt spraying equipment.

In a preferred embodiment of the present invention, the
opaque coating becomes discontinuous due to ridges which
are 1mpressed into the peelable film layer. The water based,
opaque coating fills the areas between the ridges when 1t 1s
applied. The ndges become the discontinuities in the opaque
coating. This 1s described 1n detail in the examples below.

The present invention 1s further described by the examples
which follow. Such examples, however, are not to be con-
strued as limiting 1n any way either the spirit or scope of the
present invention. In the examples, all parts are parts by
weilght unless stated otherwise.
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EXAMPLE 1

Discontinuous coatings were prepared through use of a
peelable film layer having rnidges. The opaque, crosslinkable
white coating and the printable, crosslinkable coating layers,
alter application to the ridged film, were interrupted by ridges
of the peelable film which break the continuity of the coat-
ings. The ridged film was prepared using a paper backing with
a release coat and peelable film over the release coat. The
paper backing was Kimberly Clark Neenah Paper 24 1b Avon
white classic crest (24 1Ib. per 1300 sq. 1t.). The release coating
included 100 dry parts of Rhoplex SP100 (Rohm and Haas,
Philadelphia, Pa.) and 60 parts ultrawhite 90 clay (Englehard,
Iselin, N.J.). The coating weight was 2.7 1b. per 1300 sq. it.
The peelable film was Nucrel 599, a 500 melt index ethylene-
methacrylic acid co-polymer from Dupont (Wilmington,
Del.). The peelable film was 1.8 mils thick.

Ridges were impressed into the peelable film using a steel
plate having grooves engraved into 1t at a temperature o1 350°
F. The grooves, 1n one direction only, were 4 mils wide and 2
mils deep. Spacing between the grooves was 40 mils. The
plate maternial was spring steel, 23 mils thick. A release coat-
ing was applied to the grooved plate to prevent sticking of the
peelable film. The release coating included 100 dry parts of
Rhoplex SP100, 2 dry parts of silicone surfactant 190 (Dow
Coming, Midland, Mich.), 5 dry parts of XAMA 7 multitunc-
tional aziridine cross linker from Sybron Chemical, Birming-
ham, N.J., 0.1 dry parts of Q2-5211 silicone surfactant from
Dow Coming and 10 dry parts of Carbowax 8000, a polyeth-
ylene glycol from Union Carbide, Danbury, Conn. The coat-
ing total solids content was approximately 25%. The coating
weight was 2.5 1b per 1300 sq. 1t. The pH of the coating was
adjusted to between 9 and 10 with ammonia.

Therelease coating was applied first to an extrusion coated
paper, then transierred to the metal plate with heat and pres-
sure. The paper used for the transfer was Avon white classic
crest with Nucrel 599 extrusion coating and the release coat-
ing. The transier was done using a 'T-shirt press, 350° F. for 30
seconds. The release coating remained on the metal plate after
cooling and removing the paper. Once applied, 1t provided
release of the peelable films from the metal plate when sub-
sequent samples of the ridged films were prepared.

The ndged films on the release coated substrate were pre-
pared simply by pressing the peelable film and release coated
substrate against the grooved plate for 30 seconds at 350° F. 1n
a 'T-shirt press, cooling and removing.

When opaque or printable coatings were applied to the
ridged film, little or no coating remained on the ridges after
drying. After drying, the film was printed where applicable,
removed from the backing, then transferred face up onto a
tabric. A T-shirt press was used, 350° F. for 30 seconds.
Between the heated press platen and the film, a release paper
was used to avoid sticking. The release paper was Kimberly
Clark Neenah Avon white classic crest 24 1b. per 1300 sqg. 1t.
with an extruded film of Elvax 3200 (Dupont, Wilmington,
Del.), 1.5 mails thick. The Elvax film was corona treated to
provide adhesion of the release coat. The release coat was the
same as the release coat described above, which was used on
the metal plate.

EXAMPLE 2

The grooved film coated backing was coated with a mix-
ture of Michem Prime 4990, 100 dry parts, Titanium dixoide
dispersion, 50 dry parts, Tergitol 15 S40 surfactant, 2 dry
parts, and XAMA7, 3 dry parts. The coating total solids was
approximately 38%. The coating weight was approximately 6
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Ib. per 1300 sq. it. Michem Prime 4990 i1s an ethylene-acid
dispersion from Michleman Chemaical, Cincinnati, Ohio. The
Titanium dioxide dispersion was Ti-Pure Vantage from
Dupont, Wilmington, Del. Tergitol 15 S40 1s a surfactant from
Union Carbide, Danbury, Conn. Michem Prime 4990 1s an

cthylene-acrylic acid polymer. The pH of the coating was
raised to from 9 to 10 with ammonia.

EXAMPLE 3

This was the same as Example 2, except that a print coating,
was applied over the opaque coating and a multi-colored test
print was applied, using a Hewlett Packard 690 1nk jet printer.
The print coating included 100 dry parts Orgasol 350 EXD,
40 dry parts of Benzotlex 352, 5 dry parts of Triton X100, 4.5
dry parts of Alcostat 167, 3 dry parts of Lupasol SC86X, 2 dry
parts of Polyox N60K and 3 dry parts of XAMA'/. The total
solids content was approximately 23%. The coating was
mixed, care being taken to dilute the cationic polymers Lupa-
sol and Alcostat with water and to add them with good mixing
to prevent lumping. The pH of the coating was adjusted to
between 9 and 10 with ammonia. The entire coating was
milled 1n a colloid mill to dispose the powdered matenals.
Orgasol 3501 EXD 1s a powdered polyamide from Atofina,
Philadelphia, Pa. Benzotlex 352 1s cyclohexane dimethanol
dibenzoate from Velsicol Chemical. It was ground to an aver-
age size of 8 microns betfore use. Triton X 100 1s a surfactant
from Union Carbide, Danbury, Conn. Alcostat 167/ 1s a solu-
tion of polydimethyldiallyl ammonium chloride from Allied
Colloids, Sutfolk, Va. Lupasol SC86X 1s a solution of an
epichlorohydrin treated polyethylenmine from BASE,
Mount Olive, N.J. Polyox N60K 1s a polyethylene oxide from
Union Carbide. It was made into a 2% solution before adding.
The coating weight of the ink jet print coat was 4.8 1b. per

1300 sqg. 1t.

EXAMPLE 4

In this example, no opaque, discontinuous coating was
applied. The ndged film coated backing was coated only with
the print coating of example 3. The coating weight was 5 1b.
per 1300 sq. 1t. This sample was also printed with a multi-
colored test print using a Hewlett Packard 694 printer before
the 1mage was peeled and transferred.

The Examples 2 and 3 were both applied to black T-shirt
material, while Example 4 was transferred to white T-shirt
material. The 1mages were aligned so that the film ridges
coating discontinuities were 1n the same direction as the
T-shirt material ribs. In repeated washings up to 5 times, the
images of examples 3 and 4, which were very bright after
transier, remained very vibrant. There was no cracking other
than 1in the areas of discontinuity 1in any of the coatings. After
the fabrics were stretched, they rebounded so that the discon-
tinmities were very small and still regularly spaced, rather

than looking random or distorted.

EXAMPL.

L1l
N

Example 5 was done by making the film coated paper with
an engraved chill roll. The roll had a chrome plating and a
matte finish.

Engraved patches were put on the roll. Each patch was 12
inches long and 8.5 inches wide. The 12-inch length was 1n
the width direction of the roll and was centered, giving 3
inches on each side with no pattern. The 8.5-inch width of the
patches was to be extended around the roll.
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Patch #1

Grooves were engraved 1n both directions, giving a square
orid pattern. The grooves were 3 mils wide and 3 mils deep.
The spaces between the grooves (land areas) were 30 mils.
The edges of the grooves were smooth or rounded with no
sharp edges.

Patch #2

Grooves were engraved 1n only the 12 inch direction, giv-
ing a linear pattern. The grooves were 3 mils wide and 3 mils
deep. The spaces between the grooves (land areas) were 30
mils.

The paper used 1n the extrusion coating experiments was
‘Supersmooth 24# Avon White Classic Crest’, Kimberly
Clark grade code 0016VO0, from Neenah Paper. The release
coating, applied to the side to be coated, was 2.7 1b. per ream
of Rhoplex SP100 containing 60 dry parts of Ultrawhite 90
clay per 100 dry parts Rhoplex. Using the engraved chill roll,
the paper was coated with Nucrel 599, Elvax 3200 and Surlyn
17702. Surlyn 1702 1s a 15-melt index ethylene-methacrylic
acid copolymer from Dupont, Wilmington, Del. When 1.8
mils (nominal film thickness, measured 1n an area having no
pattern) of any of these polymers was applied, the films had
very little pattern 1n them.

When the chill roll temperature was raised above 90
degrees F., to imbed the extruded film better into the chill roll
patterns, the films adhered too strongly to the chill roll and the
paper could not be coated.

When the nominal film thickness in the flat areas was raised
to 3 mils, the thickness 1n some of the patterned areas was

approximately 4.5 mils, indicating a raised groove in the film
of about 1.5 mils.

Areas of the Surlyn 1702 film coated paper made from
patterns 1, 2 and 4 above were coated with an opaque coating
and a print coating (OP1 and PC 1 below). The samples were
then printed with a multi-colored print pattern using a Hewlett
Packard 895 printer. The printed films were then peeled from
the paper and transferred print side up to 100% cotton, black
T shirt material, using a silicone coated release paper. The
transters exhibited the desired spaces 1n the opaque and print

layers, but the transfers were quite stiif and heavy feeling due
to the thickness of the Surlyn film.

The same chill roll was used 1n a second set of experiments.
Release agents were added to Nucrel 599 polymer to reduce
sticking to the roll. These were Surfactant 190 from Dow
Corning, Midland Mich., a silicone surfactant, tried at 2%,
and Micropowders MPP 635, a high density polyethylene
wax Irom Micropowders, Scarsdale, N.Y., at the 10% level,
both by weight. Both were successtul. The chill roll tempera-
ture was raised to 140 degrees F. before the extrusions began
to stick to the roll. At 1.8 mils film thickness 1n the flat areas,
the films were approximately 3.8 mils thick i the areas of the
patterns.

The OP1 and PC 1 coatings were applied to areas of the
paper having patterns from both pattern engraved areas. After
printing with the Hewlett Packard 895 printer, the printed
f1lms were removed and transferred to the black T-shirt mate-
rial as described above. When the fabric having the transfers
was stretched, 1t separated only 1n the areas where the film
ridges had been. After stretching, the transfers were softer and
more breathable than transiers made with the same castings
using a smooth chill roll for the film extrusion step.

It 1s believed that, while not tested here, a chill roll with
grooves of about 5 or 6 mils width and depth would provide
even better results; such that the transfers would be soft and
breathable without stretching them.
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Opaque Coating OP1) This was 100 dry parts of Sancure
2710, 40 dry parts of Rutile Titantum dispersion, 3 dry parts
of Triton X 100 and 5 dry parts of XAMA 7. Sancure 2710 1s
a polyurethane latex form Noveon, Cleveland, Ohio. The
coating weight was approximately 6 1b. per 144. sq. yd.

Print Coating PC 1) This was 100 dry parts of Orgasol 3501
EXD NAT 1, 40 dry parts of Benzotlex 352, 5 dry parts of
Triton X 100, 6 dry parts of Alcostat 167, 3 dry parts of Polyox
N60K and 4 dry parts of XAMA 7. The total solids content
was approximately 25%. The Alcostat was diluted to 10%
solids and added slowly to prevent lumping. The entire coat-
ing was milled 1n a colloid mil at a setting of about 1 mil. The
pH was adjusted to between 10 and 12 with ammonia. The
Polyox N60K was added as a 2% solution. The coating weight
was S5 1b. per 144 sq. yd.

While the specification has been described 1n detail with
respect to specific embodiments thereot, 1t will be appreciated
that those skilled 1n the art, upon attaining an understanding,
of the foregoing, may readily concerve of alterations to, varia-
tions of, and equivalents to these embodiments. Accordingly,
the scope of the present invention should be assessed as that of
the appended claims and any equivalents thereto.

What 1s claimed 1s:

1. A heat transier material comprising:

a substrate layer;

a release coating layer;

a peelable film layer overlying said release coating layer,
wherein said peelable film layer 1s melt-flowable at a
transier temperature; and

a discontinuous polymer layer including an opacifying
material and a crosslinking agent, said discontinuous
polymer layer overlying said peelable film layer.

2. The heat transfer material of claim 1, wherein the opaci-

fying material 1s a white pigment.

3. The heat transfer material of claim 1, wherein the

crosslinking agent 1s selected from the group consisting of

multifunctional 1socyanates, epoxy resins, aziridines, o0xazo-
lines, and melamine-formaldehyde resins.

4. The heat transier material of claim 1, wherein the peel-
able film layer 1s selected from the group consisting of poly-
olefins; polyethylene; ethylene-containing copolymers, and
mixtures thereof.

5. The heat transfer material of claim 1, wherein the peel-

able film layer includes an additive selected from the group
consisting of a release agent, an ethoxylated alcohol surfac-
tant; a nonionic surfactant; a wax, and mixtures thereof.
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6. The heat transfer material of claim 1, wherein the release
coating layer 1s selected from the group consisting of sili-
cone-containing polymers; acrylic polymers; poly(vinyl
acetate); polysiloxanes; fluorocarbon polymers; and mixtures
thereof.

7. The heat transter material of claim 1, wherein the release
coating layer includes an additive selected from the group
consisting of a crosslinking agent; a release-modifying addi-
tive; a curing agent; a surfactant; a viscosity-moditying agent;
and mixtures thereof.

8. The heat transter material of claim 1, wherein the sub-
strate layer 1s selected from the group consisting of cellulosic
nonwoven webs and polymeric films.

9. A heat transter material comprising:

a substrate layer;

a release coating layer;

a peelable film layer overlying said release coating layer,
wherein said peelable film layer 1s melt-flowable at a
transier temperature; and

a discontinuous printable layer overlying said peelable film
layer, wherein the discontinuous printable layer includes
a crosslinking agent.

10. The heat transfer material of claim 9, wherein the
peelable film layer 1s selected from the group consisting of
polyolefins; polyethylene; ethylene-containing copolymers,
and mixtures thereof.

11. The heat transfer material of claim 9, wherein the
peelable film layer includes an additive selected from the
group consisting of a release agent, an ethoxylated alcohol
surfactant; a nonionic surfactant; a wax, and mixtures thereof.

12. The heat transfer material of claim 9, wherein the
release coating layer 1s selected from the group consisting of
silicone-containing polymers; acrylic polymers; poly(vinyl
acetate); polysiloxanes; fluorocarbon polymers; and mixtures
thereof.

13. The heat transter material of claim 9, wherein the
release coating layer includes an additive selected from the
group consisting of a crosslinking agent; a release-moditying
additive; a curing agent; a surfactant; a viscosity-modilying
agent; and mixtures thereof.

14. The heat transfer material of claim 9, wherein the
substrate layer 1s selected from the group consisting of cellu-
losic nonwoven webs and polymeric films.

15. The heat transfer material of claim 9, wherein the
crosslinking agent 1s a polyfunctional aziridine crosslinking
agent.
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